There is substantial debate over the criteria that should be used to group populations of a species into distinct units for conservation (e.g. evolutionarily significant units, management units, distinct population segments). However, in practice molecular genetic differentiation is often the only or main criterion used to identify such units. Most genetic studies attempting to define conservation units in animals use a single molecular marker, most often mitochondrial, and use samples from a limited number of populations throughout the species' range. Although there are many benefits to using mtDNA, certain features can cause it to show patterns of differentiation among populations that do not reflect the history of differentiation at the nuclear genome where loci controlling traits of adaptive significance presumably occur. Here we illustrate an example of such mitochondrial-nuclear discordance in a ranid frog, and show how using mtDNA or nuclear loci alone could have led to very different conservation recommendations. We also found very high genetic differentiation among populations on a local scale, and discuss the conservation implications of our results.
Introduction
A fundamental tenet of conservation biology is to identify and protect the evolutionary heritage and future evolutionary potential in threatened species. How to group populations into cohesive conservation units that contribute significantly to the evolution of a species has been debated for many years (Ryder 1986; Waples 1991 Waples , 1995 Waples , 1998 Moritz 1994; Pennock & Dimmick 1997; Bowen 1998; Paetkau 1999; Taylor & Dizon 1999) . In order to be considered for protection under the United States Endangered Species Act, a vertebrate population must be considered a Distinct Population Segment (DPS). A DPS is defined as a population that is discrete, biologically or ecologically significant, and threatened or endangered regardless of the status of other populations in the same species (US Department of the Interior et al. 1996) . Although most authors emphasize that it is important to avoid making these divisions solely on the basis of information from genetic markers (Ryder 1986; Paetkau 1999; Taylor & Dizon 1999) , in practice molecular genetic differentiation is often the only or main criterion used to identify threatened or endangered populations that conform to these classifications.
Most genetic studies attempting to define conservation groups in animals use a single type of molecular marker, and most often it is mitochondrial. For example, of 35 papers published over the last 8 years that attempted to classify vertebrate populations specifically into conservation units, 29 used a single type of marker and 22 of those 29 used mtDNA. Although there are numerous benefits to using mtDNA for intraspecific studies (Avise et al . 1987) , there can be discordance between genetic patterns seen in mtDNA and nuclear loci (Melnick & Hoelzer 1992; Jack et al . 1995; Hare & Avise 1998; Buonaccorsi et al . 1999; Nyakaana & Arctander 1999; Franck et al . 2001 ). Owing to the expected fourfold reduction in effective population size ( N e ) (Birky et al . 1983) , one would expect mitochondrial DNA to reach reciprocal monophyly faster than nuclear DNA, but given enough time after separation of two populations, both markers should produce the same signal (Avise et al . 1987; Moore 1995) . However, differences in sex ratio and mating system can alter this relationship significantly (Hoelzer 1997) . Additionally, fluctuating effective population size can have profound and different effects on the population genetic patterns at nuclear and mitochondrial genomes (Birky et al . 1983; Avise et al . 1984; Hoelzer 1997) . In this study, we used mitochondrial and microsatellite data to test for major subdivisions within the species-wide range of a montane frog, Rana cascadae. We also used these loci to assess levels of genetic connection between populations on a local scale (nearest neighbours separated by approximately 50 km). At the species-wide scale we found an interesting discrepancy between patterns of phylogeographical subdivision suggested by nuclear and mtDNA markers. We show how decisions on the conservation status of disjunct populations of R. cascadae could depend heavily on which type of marker was examined. At the local scale we found patterns consistent with extremely limited gene flow. We discuss the implications of our results for conservation of R. cascadae.
Materials and methods

Study species
The Cascades frog, Rana cascadae, is endemic to the Pacific Northwest of North America. It occurs at elevations between 800 and 2740 m in three disjunct regions: the Olympic Mountains of Washington, the Cascades Mountains of Oregon and Washington and the Klamath-Siskiyou Mountains in Northern California (Fig. 1) . Although population declines have been observed in the KlamathSiskiyous region (Fellers & Drost 1993) , the species appears to be healthy in Oregon and Washington.
Sampling
Tissue was collected from adult Rana cascadae by toe clipping during the summers of 1997 and 1998. Samples were collected from 11 populations throughout the species range (Fig. 1, Table 1 ). Sample sizes ranged from 18 to 73 individuals per population, with the exception of one site in California from which we could only obtain 11 individuals (Fig. 1, Table 1 ). Populations for collection were chosen in order to cover the entire range for a specieswide analysis. Additionally, six of these 11 populations were sampled at a scale of approximately 50 km apart in central Oregon to examine genetic differentiation at a finer geographical scale (Fig. 1 ).
Molecular methods
Total genomic DNA was extracted from each toe using a standard phenol-chloroform protocol (Hillis et al . 1996) . Three hundred and forty-eight R. cascadae individuals were genotyped at a 335-base pair (bp) fragment of the mitochondrial D-loop, and at a 347-bp fragment that includes 281 bp of the 5 ′ end of the mitochondrial ND1 gene and 66 bp of the flanking tRNA leucine gene. For each fragment we sequenced initially 1-10 individuals from each population, and then screened the other individuals for the presence of new alleles by running polymerase chain reaction (PCR) product on single-strand conformation polymorphism gels (SSCP, Orita et al . 1989 ).
D-loop fragment amplification
Primers MB75 and MB76 (D. Call, pers. comm. Table 2) were used to amplify a 335-bp fragment in R. cascadae individuals from 100 to 200 ng of genomic DNA in a 50-µ L PCR. The PCR components were: 50 m m KCl, 10 m m TrisHCl pH 9, 0.1% Triton X-100, 1.5 m m MgCl 2 , 0.8 µ m of both the forward and reverse primers, 0.2 m m dNTPs, 2.5 units Taq polymerase and water to a final volume of 50 µ L. Amplification was carried out in a Perkin-Elmer 9600 thermocycler under the following conditions: 94 ° C 3 min, followed by 30 cycles of 94 ° C 45 s, 50 ° C 30 s, 72 ° C 30 s, and a final extension at 72 ° C for 7 min.
ND1/tRNA fragment amplification
Primers MB77 and MB129 (Table 2) were used to amplify a 347-bp fragment in R. cascadae individuals from 100 to 200 ng of genomic DNA in a 25-µ L PCR. PCR components and conditions were the same as the D-loop fragment with a locus-specific annealing temperature (Table 2) .
SSCP
Six µ L of PCR product was mixed with 4 µ L of loading buffer (95% formamide, 0.1 mg/mL xylene cyanol, 0.1 mg/mL bromophenol blue), heated at 94 ° C for 3 min, and placed immediately on ice. Three µ L of this mixture was loaded on a 0.5 × MDE (BioWhittaker Molecular Applications), 0.6 × TBE gel at 4 ° C. Samples were run at 8 W for 16-18 h at 4 ° C in 0.6 × TBE buffer. Bands were visualized by Sybr Gold staining (Molecular Probes), and photographed using a Polaroid camera. Unique banding patterns were scored as unique haplotypes. We found that D-loop reaction products were easier to visualize on SSCP gels if we first concentrated the product twofold by ethanol precipitation. This step was not necessary with the ND1/tRNA fragment. Two individuals of each putative new haplotype were sequenced in both directions to verify unique sequence.
Sequencing
Products to be sequenced were first purified with Ultrafree-MC 30 000 NMWL spin columns (Millipore Corp.). Purified product was then sequenced on an automated ABI 377 sequencer (Applied Biosystems, Inc.). All sequences were aligned by eye in the program seqed version 1.0.3 (Applied Biosystems, Inc.).
Microsatellite loci
We used six microsatellite loci that were developed originally for R. pretiosa and R. luteiventris (RP17, RP193, SFC 139, SFC120, SFC128 and SFC134, Table 3 ; Blouin, unpubl. data), and one developed from R. cascadae (RC287). In addition, we used two bi-allelic loci that each showed size variation owing to a single indel (RP123 and RC174; Table 3 ). PCR amplifications were carried out in 25 µ L reactions using the same components and conditions as the D-loop fragment with locus-specific annealing temperatures and fluorescently labelled forward primers 3221 Nagae (1988) ( Table 3 ). Microsatellite PCR product was run on an ABI 377 automated sequencer, and allele sizes were scored using the program genotyper version 2.0.
mtDNA data analysis
Because mtDNA is a single nonrecombining molecule, the D-loop sequence and ND1/tRNA sequence were combined to create a single composite haplotype for each individual. A statistical parsimony network was created of all R. cascadae mtDNA alleles using the tcs software (Templeton et al . 1992; Clement et al . 2000) . To assess genetic differentiation among the six Oregon populations we estimated Weir & Cockerham's (1984) F ST using fstat version 2.9.3 (Goudet 1995) , and obtained amova estimates ( φ ST ; Excoffier et al . 1992 ) from the uncorrected number of nucleotide differences between haplotypes using arlequin version 2.0 (Schneider et al . 2000) .
Nuclear DNA data analysis , and viewed in the program treeview version 1.6.6 (Page 1996) . We used both genetic distances because D N is thought to provide more accurate estimates of branch lengths while D C provides a better estimate of tree topology (Takezaki & Nei 1996; Angers & Bernatchez 1998) . These trees are based on the two indel loci and only five of the seven microsatellite loci because loci SFC139 and RC287 would not amplify in the California populations. Also, owing to poor DNA quality we were unable to obtain clean data for indel locus RP123 in the Screwdriver Creek, CA population. Consequently, we did not include this population in the neighbourjoining trees. An estimate of Weir & Cockerham's (1984) F ST among the six Oregon populations was made using genepop version 3.2a (Raymond & Rousset 1995) and all seven microsatellite loci.
Estimated times of divergence between mtDNA alleles
Sequence analysis of the D-loop and ND1/tRNA variants suggested the presence of three very divergent groups of mtDNA alleles. In order to date the split between these three groups, we sequenced a 1204-bp mtDNA fragment that included the entire ND1 gene and four flanking tRNA genes (tRNA Leu, tRNA Ile, tRNA Gln, tRNA Met) using the primers MB74, MB77, MB130, and MB143 (Table 2) from the most common haplotype found in each of the three groups. Times of divergence between mtDNA alleles were based on a molecular clock of 1.4% sequence divergence per million years for anuran mtDNA that was based on the ND1 gene (Macey et al. 1998a) . Similar rates of divergence have been shown in other anurans (A. Crawford, pers. comm.; Kosuch et al. 2001) , salamanders (Spolsky et al. 1992) , lizards (Macey et al. 1998b; Gubitz et al. 2000) and snakes (Zamudio & Greene 1997) . We have confidence in the accuracy of this clock because it yields dates of separation among Pacific Northwestern ranid species (Monsen and Blouin, unpubl. data; Macey et al. 2001 ) that are very similar to dates based on allozyme distances (Green 1986 ). For completeness we also calculated a range of estimates using two other independently calibrated anuran mtDNA molecular clocks of 0.66% sequence divergence per million years (Mulcahy & Mendelson 2000) and 1.0% sequence divergence per million years (Kosuch et al. 2001) .
Estimating gene flow for comparative purposes
We estimated N e m among the six Oregon populations under the assumption of approximate drift-migration equilibrium in an island model from F ST = 1/(4N e m + 1) (Wright 1951 (Wright , 1965 , and via the private allele method (Slatkin 1985) using genepop version 3.2a. Many assumptions are involved in estimating number of migrants per generation (N e m) from F ST or private alleles (equal effective sizes, demographic equilibrium, and so on; Whitlock & McCauley 1999) , so the nominal values that we estimate should be taken with a healthy dose of skepticism. Nevertheless, the values are still useful for certain comparative purposes, such as testing for evidence of sex-biased gene flow by comparing mitochondrial vs. nuclear estimates, or for comparing estimates produced by different methods (i.e. estimated from F ST vs. from private alleles).
Results
mtDNA
There were 12 mtDNA haplotypes observed throughout the range of R. cascadae (Figs 1 and 2) . The statistical parsimony network of mtDNA haplotypes showed three distinct groups: the Olympic Peninsula, the Cascades of Oregon and Washington and California. It was not possible to connect these three groups with 95% confidence in tcs, and 14 steps were needed to force connections between them (Fig. 2) . When forced, tcs originally joined Olympic allele 3 to Waldo Lake allele 7 (a rare private allele) based on a single ambiguous reversal. We changed this connection in Fig. 2 based on the geographical separation of these two populations and the other basic assumptions described by Crandall & Templeton (1993) .
Of the 11 populations sampled, seven contained private alleles (Fig. 1) . Three of these populations are fixed for their private allele. Three of the remaining four populations without private alleles are fixed for the most common central Cascades allele 9. The final population lacking a private allele, Screwdriver Creek, shared its two alleles (10 and 11) with the neighbouring Colby Creek, CA population. Although there are multiple alleles within the Cascades and California groups, there are few genetic differences between alleles within each group (Fig. 2) . There was, however, substantial divergence between the three groups. The sequence divergence at the 1204 bp mtDNA ND1/tRNA fragment between the Cascades and California is 3.4%, between Cascades and Olympic is 3.2%, and between California and Olympic is 4%. The anuran ND1 clock after Macey et al. (1998a) dates the split of these three groups at 2.3-2.9 Mya. The full range of estimated dates based on the anuran mtDNA clocks including Mulcahy & Mendelson (2000) and Kosuch et al. (2001) is 2.3 Mya−6.1 Mya.
The six populations of R. cascadae in Oregon showed strong mitochondrial differentiation on a small geographical scale, with F ST = 0.78, and φ ST = 0.93. Also, four of the six populations were either fixed for, or had private alleles in high frequency (Fig. 1) .
Nuclear loci
The total number of alleles per microsatellite locus ranged from three to 20 and average expected heterozygosities within populations ranged from 0.25 to 0.87. Both nuclear gene trees (Fig. 3) suggest the presence of three groups of populations in R. cascadae: an Oregon group, a Washington group, and a California group, with California being the most distinct (Fig. 3) . Although these data suggest that the two Washington Cascades populations are more similar to each other than to the Olympic Peninsula population, the nuclear genetic distances among the three Washington populations are not consistent with mtDNA data, suggesting that the Olympic population is as distinct from the other Washington populations as they are from the California populations (Figs 2 and 3) . On the other hand, nuclear and mitochondrial data sets both identified the California populations as being very distinct with strong bootstrap support and the largest nuclear genetic distances (Figs 2  and 3 ). The distinctness of California populations at the nuclear loci results from unique alleles and from very different frequencies of shared alleles (data available from authors by request).
Overall microsatellite F ST among the six Oregon populations was 0.16, a result consistent with that of the mtDNA in suggesting restricted gene flow over a scale of approximately 50 km. There is a positive although statistically nonsignificant correlation between genetic and geographical distance among the six populations (Fig. 4) . A pattern of isolation by distance over such a small geographical scale would also suggest that movement by these frogs is restricted to very short distances.
N e m estimated among the six populations via the F ST method was 4.7 times lower when using mtDNA than when using nuclear loci. For a typical outcrossing vertebrate such as frogs we expect an approximately fourfold difference (Hoelzer 1997) , so this result does not support sex-biased gene flow. In contrast, the private allele method gave an mtDNA estimate that was 22 times lower than the microsatellite estimate, a result consistent with higher gene flow by males. Although at this point we consider the evidence for sex-biased gene flow in R. cascadae to be equivocal, the possibility is intriguing and worth further study.
Discussion
Differentiation among populations on a local scale
We found substantial differentiation at the smallest geographical scale (among the six populations in Oregon) for both mtDNA and microsatellites. Remarkably, four of the six Oregon populations contain private mtDNA alleles, with two of these populations fixed for a private allele (Fig. 1) . The widespread presence and fixation of mtDNA private alleles has not been observed in most other anurans (Yang et al. 1994; Wilkinson et al. 1996; Evans et al. 1997; Shaffer et al. 2000) , but has been observed in populations of another Pacific Northwestern ranid on a similar geographical scale (R. pretiosa; Blouin, unpubl. data) . Rana cascadae requires aquatic habitats that are distributed regularly but discontinuously in its Cascades mountain habitat, so a hypothesis of stepping-stone gene flow is consistent with the biology of the species. Two other lines of evidence also support this hypothesis. First, the private alleles method is expected to underestimate N e m relative to the F ST method when migration is stepping-stone (Slatkin & Barton 1989) ; so it is interesting that the private alleles estimate of N e m was smaller than the F ST estimate for both mtDNA and nuclear loci (Table 4) . Second, that these six populations show a positive (albeit nonsignificant) correlation between geographical and genetic distance (Fig. 4) suggests that there may be isolation by distance over that geographical scale (Hutchison & Templeton 1999) . Thus, several lines of evidence are consistent with the view that gene flow in R. cascadae is restricted to short distances and follows a stepping-stone pattern.
Olympic vs. Washington Cascades populations
Although mtDNA data suggest that the Olympic and Cascades populations have been separated for 2-3 million years, the microsatellite data do not support this conclusion. R. cascadae has a generation time of approximately 3 years (Briggs & Storm 1970) , so given typical microsatellite mutation rates, after 2 million years of isolation (over 600 000 generations) there should have developed substantial differentiation between the two groups owing to mutation (Estoup & Angers 1998) . If there were a large mutational component to the differentiation between the two groups we would expect R ST between them to be much higher than F ST (Slatkin 1995) . The values are similar, with pairwise R ST between the Olympic and the two central Washington sites of 0.13 and 0.28, and pairwise F ST of 0.17 and 0.25. One might argue that mutational constraints on allele size have put a cap on the total microsatellite differentiation possible between the two groups, as appears to have been the case with other vertebrates separated for millions of years (Ostrander et al. 1993; Bowcock et al. 1994; Garza et al. 1995; Paetkau et al. 1997) . However, the Olympic and central Washington populations share the same small and size-restricted subset of the total alleles observed in this species, and they have those alleles in similar frequencies (Fig. 5) . Thus, it appears implausible that the two groups have been isolated completely for the long periods of time suggested by the mtDNA data. Sex-biased dispersal can produce discordant patterns between mitochondrial and nuclear DNA. However, our comparison of nuclear and mitochondrial estimates of gene flow among the six Oregon populations gave equivocal evidence for lower female gene flow, and we are not aware of any other data showing sex-biased gene flow in frogs (unlike in mammals and birds, for example, where sex-biased dispersal is common; Greenwood 1980 ). Therefore, although we cannot reject male-biased gene flow as an explanation for the nuclear-mitochondrial discrepancy across the Olympics-Cascades divide, that hypothesis does not seem compelling. However, it will be necessary to investigate sex bias in dispersal in R. cascadae to dismiss it conclusively as an explanation for the discrepancy between mtDNA and nuclear data.
How, then, did the Olympic population come to be fixed for such a divergent mtDNA allele if the nuclear data show the Olympic population could not have been isolated nearly as long as the age of that allele? The Olympic Peninsula was isolated from the Cascades during the last glacial maximum that ended approximately 13 600 years ago (Waitt & Thorson 1983) . One plausible scenario is that a population of R. cascadae was isolated on the peninsula for several million years, during which time the distinct Olympic and Cascades mtDNA lineages evolved in isolation. Following secondary contact, there would have been a mixing of Olympic and Cascades alleles as animals colonized from the East. An Olympic allele may have drifted by chance to high frequency in the population we sampled, even though the nuclear genomes were homogenized. This scenario is plausible, given the small and fluctuating effective sizes that probably typify anuran populations (Waldman & McKinnon 1993; references within) , and the expected fourfold smaller N e of mtDNA relative to nuclear loci. Furthermore, we sampled only one site on the peninsula. Even though that site appears fixed for the Olympic allele (n = 72), if the above scenario is correct then there may be Cascades-lineage alleles still present elsewhere on the Olympic Peninsula.
We sampled a few populations throughout the species range as is typically carried out for conservation studies. This sampling scheme often means a single population is sampled from a unique genetic group when strong genetic subdivision is observed in a species. For example, we have only one population from the Olympic Peninsula, and this population appears fixed for the Olympic mtDNA allele. Other populations occur on the Olympic Peninsula. If we sampled from those additional populations, we may observe other mtDNA alleles related more closely to Cascades mtDNA alleles, yielding results more concordant with the nuclear data. Therefore, we suggest that a better approach to these types of conservation genetics studies is to sample in two stages. First, one should sample a few populations throughout a species range and identify a general pattern of subdivision. Then, one should sample multiple populations within each region of genetic subdivision to verify the pattern of subdivision and describe the boundaries of genetic differentiation. This sampling strategy has been proposed by other authors (Baverstock & Moritz 1996) .
If we had based this study on the mtDNA data alone, we would have suggested there were three DPSs in the species range of R. cascadae. Indeed, the three R. cascadae mtDNA groups are as divergent at the ND1/tRNA fragment as the sister species R. pretiosa and R. luteiventris (Monsen and Blouin, unpubl. data) . One might have even suggested that the Olympic R. cascadae are approaching the status of subspecies or even cryptic species based on the mtDNA divergence. Clearly, the microsatellite data do not support such a division between the Olympic and other populations. This problem of discordance between molecular markers may be especially pronounced in organisms with demographically unstable populations such as frogs (Hoelzer 1997) . Owing to fluctuations in population size and large variance in reproductive success, amphibians are very likely to have unstable demographic structure (Waldman & McKinnon 1993; references within) . Indeed, studies of skeletochronology used to assess age structure in frog populations often find dominance of a single age class, suggesting large fluctuations in cohort survival (Friedl & Klump 1997; Driscoll 1999; Reaser 2000; Measey 2001 ).
Washington Cascades vs. Oregon Cascades
The nuclear data suggest a break across the Columbia River between populations in the Oregon Cascades and in the Washington Cascades (Fig. 3) . Substantial genetic differentiation across the Columbia River has been observed in other taxa (Strenge 1994; Soltis et al. 1997; Arbogast et al. 2001; Spruell et al. 2003) , so the river may be a historical barrier to gene flow for many species. Apparently not enough time has passed for reciprocal monophyly to develop at the mtDNA between the two groups in R. cascadae, even if notable allele-frequency differences have evolved at the nuclear loci (Figs 1 and 2) . However, this result may not be surprising given the highly subdivided small-scale genetic structure we see in the species at the mtDNA. Subdivision into many small populations is expected to increase the overall N e of a group of populations (Kimura & Crow 1963; Robertson 1964; Nei & Takahata 1993; Lande 1995) . Thus, N e may be large within each group on either side of the Columbia River, which would extend the time necessary for mtDNA alleles to achieve reciprocal monophyly (Neigel & Avise 1986 ).
Conservation implications for R. cascadae
Based on the mitochondrial and microsatellite data presented here, we suggest that there are at least two DPSs within the species range of R. cascadae: the California populations and the Oregon/Washington populations. These two groups differ by 3.2% at the mtDNA loci examined in this study, and show significant divergence of allele frequencies at nuclear loci. The fact that two of seven microsatellite loci would not amplify in the CA populations (owing presumably to changes in the primer sites) also suggests substantial divergence in the nuclear genome between CA and OR-WA populations. The two groups of populations therefore meet the definition of 'discrete and significant'. Additionally, these groups are physically separated by a known faunal break across southern Oregon and northern California (Bury & Pearl 1999) . This biogeographical pattern across the Oregon/California border has been observed in numerous taxa (Steinhoff et al. 1983; Brown et al. 1997; Demboski & Cook 2001; Janzen et al. 2002) , including several amphibians (Daugherty et al. 1983; Good 1989; Good & Wake 1992; Howard et al. 1993; Nielson et al. 2001) . Based on the mtDNA data, California populations were most probably separated at the beginning of the last glacial maximum (approximately 2 Mya), but never experienced secondary contact after glacial retreat. This glacial history has been invoked to explain species breaks in other herpetofauna (Bury & Pearl 1999) and plants (Soltis et al. 1997) in the same geographical region.
The status of the Olympic population as a DPS based on molecular marker data is debatable. Many authors have criticized the designation of populations as unique based solely on molecular genetic data, citing other characteristics such as unique habitat use or physical isolation as good indicators of distinctness even when genetic data do not show a difference between populations (Pennock & Dimmick 1997; Paetkau 1999; Taylor & Dizon 1999) . This opinion is supported by the observation that molecular genetic differentiation among populations usually underestimates additive genetic differentiation for quantitative traits (McKay & Latta 2002) . Because of habitat restrictions it is unlikely that there is current gene flow between the Olympic Peninsula and other Washington populations, even though there has clearly been nuclear gene flow in recent evolutionary time. Therefore, given the physical isolation and unique habitat of the Olympic Mountains, we suggest that the Olympic group should be managed separately. On the other hand, the case for treating the Washington Cascades and Oregon Cascades populations as separate DPSs seems less compelling, and we simply note that there may have been a history of isolation across the Columbia River.
Finally, there was substantial genetic differentiation on a small geographical scale for both mtDNA and nuclear DNA. Remarkably, four of the six Oregon populations contain private mtDNA alleles, with two of these populations fixed for a private allele (Fig. 1) . The widespread presence and fixation of mtDNA private alleles has not been observed in most other anurans (Yang et al. 1994; Wilkinson et al. 1996; Evans et al. 1997; Shaffer et al. 2000) , but has been observed in populations of another Pacific Northwestern ranid on a similar geographical scale (R. pretiosa; Blouin, unpubl. data). High genetic divergence at both nuclear and mitochondrial markers suggests that metapopulation structure is weak, with low connectivity between populations. Consistent with this conclusion is the observation that recolonization of one historic R. cascadae site was reported to have taken 12 years despite the presence of a R. cascadae population within 2 km (Blaustein et al. 1994) . Thus, conservation of this species will require further studies on the scale of gene flow, and on the habitat features that enhance or reduce connectivity between populations.
